r Sensory gating is important for preventing excessive environmental stimulation from overloading neural resources.
r We show that somatosensory processing is subserved by a robust gating effect in the oscillatory domain, as well as a dynamic effect on interhemispheric functional connectivity between primary sensory cortices.
r These results provide novel insight into the dynamic neural mechanisms that underlie the processing of somatosensory information in the human brain, and will be vital in better understanding the neural responses that are aberrant in gait-related neurological disorders (e.g. cerebral palsy).
Abstract Sensory gating (SG) is a phenomenon in which neuronal responses to subsequent similar stimuli are weaker, and is considered to be an important mechanism for preventing excessive environmental stimulation from overloading shared neural resources. Although gating has been demonstrated in multiple sensory systems, the neural dynamics and developmental trajectory underlying SG remain poorly understood. In the present study, we adopt a data-driven approach to map the spectrotemporal amplitude and functional connectivity (FC) dynamics that support gating in the somatosensory system (somato-SG) in healthy children and adolescents using magnetoencephalography (MEG) . These data underwent time-frequency decomposition and the significant signal changes were imaged using a beamformer. Voxel time series were then extracted from the peak voxels and these signals were examined in the time and time-frequency domains, and then subjected to dynamic FC analysis. The results obtained indicate a significant decrease in the amplitude of the neural response following the second stimulation relative to the first in the primary somatosensory cortex (SI). A significant decrease in response latency was also found between stimulations, and each stimulation induced a sharp decrease in FC between somatosensory cortical areas. Furthermore, there were no significant correlations between somato-SG metrics and age. We conclude that somato-SG can be observed in SI in both the time and oscillatory domains, with rich dynamics and alterations in inter-hemispheric FC, and that this phenomenon has already matured by early childhood. A better understanding of these dynamics may provide insight to the numerous psychiatric and neurologic conditions that have been associated with aberrant SG across multiple modalities.
Introduction
Sensory gating (SG) is a robust phenomenon in the brain, in which neural responses are significantly weaker for the second stimulus when identical stimuli are presented in pairs. This process is considered to be a necessary adaptive mechanism by which less-salient stimulus features are filtered-out, preventing excessive environmental stimulation from overloading shared functional resources (Cromwell et al. 2008) . Paired-pulse stimulation paradigms have been developed for various sensory modalities to investigate the behavioural and neural bases of SG. In these paradigms, two stimuli are presented in short succession, and suppression of neural responses to the second stimulation is considered to represent a quantifiable instance of the SG phenomenon. For the auditory cortex, this adaptation has been suggested to develop promptly and rapidly after birth (Kisley et al. 2003; Hunter et al. 2008; Hutchison et al. 2013) , although estimates of its full maturation range from childhood to late adolescence (Myles-Worsley et al. 1996; Marshall et al. 2004; Brinkman & Stauder, 2007; Davies et al. 2009 ). In other sensory systems, even less is known about the maturation of SG. For example, the somatosensory system has been found to exhibit somatosensory gating (somato-SG), although the development of this response as a function of age has not been explored. Several structural imaging studies have shown that the developmental trajectory of cortical thinning differs across sensory systems (Gogtay et al. 2004; Sowell et al. 2004) ; thus, the development of SG responses probably also differs across sensory modalities. Surprisingly, only a few studies have examined gating in the somatosensory system, and those that have typically delivered paired-pulse electrical stimulations to a distal point of the median nerve and compared evoked neural responses to the two stimuli in the time domain. These studies have predominantly found somato-SG responses in the primary (SI) and secondary (SII) somatosensory cortices (Edgar et al. 2005; Thoma et al. 2007; Weiland et al. 2008; Hsiao et al. 2013; Cheng et al. 2015) . Recently, two studies examined the oscillatory signature of somato-SG (Hsiao et al. 2013; Cheng et al. 2015) . However both of these studies used canonical frequency bands (e.g. alpha, theta) and, to date, there have been no data-driven studies of somato-SG oscillatory activity. Thus, whether these studies captured the major oscillatory events underlying somato-SG remains to be determined. Furthermore, both of these studies stimulated the median nerve (hand), which has a lower probability of being exposed to repetitive, identical stimulation compared to the legs, and the presence of somato-SG for these extremities remains unclear.
Another major knowledge gap involves the dynamic functional connectivity (FC) between contra-and ipsilateral somatosensory cortices during active human somatosensation. Notably, there are literally hundreds of functional magnetic resonance imaging (fMRI) studies demonstrating strong FC between contra-and ipsilateral SI and motor cortices in humans (Calhoun & Adali, 2012; Power et al. 2014) . These findings have certainly provided critical insight into the somatosensory-network architecture, although the underlying dynamics remain largely unknown. Furthermore, no studies have directly examined connectivity between contra-and ipsilateral SI during an active somato-stimulation paradigm, particularly with a sufficient timescale to examine the rapidly-evolving response in real-time. Thus, many questions in this area remain.
In the present study, we used magnetoencephalographic (MEG) imaging to evaluate the time series and oscillatory dynamics of somato-SG in a group of healthy children and adolescents. The four key objectives of the study were to: (1) map the precise spectro-temporal dynamics of somato-SG activity; (2) quantify the dynamic connectivity time series between contra-and ipsilateral SI cortices during somato-SG; (3) identify whether the developmental trajectory of somato-SG is similar to that previously reported for auditory SG; and (4) determine whether somato-SG responses are observed following stimulation of the lower limbs, which are more routinely exposed to repetitive stimulation (i.e. gait). Our key hypotheses were that oscillatory somato-SG responses would be observed across a broad frequency spectrum following repeated tibial nerve stimulations, and that such stimulation would result in transient decreases in connectivity between the left and right SI cortices. We also hypothesized that somato-SG responses would be largely matured in our youngest participants, suggesting that SG in the somatosensory cortices develops early and asymptotes before adolescence.
Methods

Ethical approval
All experiments conformed to the standards set by the Declaration of Helsinki. The Institutional Review Board at the University of Nebraska Medical Center reviewed and approved this investigation. After a complete description of the study to participants and their legal guardian, written informed consent was acquired from the parents and the children assented to participate in the experiment.
Participants
We enrolled 16 healthy, right-handed adolescents (nine males) for the present study. All participants were aged between 10 and 18 years (mean ± SD: 14 ± 2.56 years). Exclusionary criteria included any medical illness affecting CNS function (e.g. HIV/AIDS), any neurological disorder, history of head trauma and current substance abuse.
Experimental paradigm
During the experiment, participants were seated with their eyes closed in a custom-made non-magnetic chair with their head positioned within the MEG helmet-shaped sensor array. Unilateral electrical stimulation was applied to the left posterior tibial nerve using external cutaneous stimulators connected to a Digitimer DS7A constant-current stimulator system (HW Medical Products, Neuberg, Germany). For each participant, more than 135 paired-pulse trials were collected using an inter-stimulus interval of 500 ms and an inter-pair interval that randomly varied between 4.3 and 4.8 s. Each pulse comprised a 0.2 ms constant-current square wave that was set to 10% above the motor threshold required to elicit a visible flexor twitch in the hallux. A 500 ms interval between the pulse pairs is known to elicit robust SG responses (Adler et al. 1982; Bak et al. 2011; Hsiao et al. 2013) . Moreover, we used a 4.3-4.8 s interstimulus interval (ISI) between pulse trains because previous MEG studies have found that: (1) the benefit of longer ISIs falls off exponentially after ß4.0 s (Ahlfors et al. 1993; Raij et al. 2003) ; (2) studies of somatosensory responses from the secondary cortices have found such responses are strongest when using ISIs around 5.0 s (Wikström et al. 1996) ; and (3) the so-called 'refractory' inhibition associated with somatosensory gating has been found to be fully degraded by 5 s (Zakharova et al. 2016) .
MEG data acquisition
All recordings were conducted in a one-layer magnetically-shielded room with active shielding engaged for environmental noise compensation. With an acquisition bandwidth of 0.1-330 Hz, neuromagnetic responses were sampled continuously at 1 kHz using an MEG system (Elekta, Helsinki, Finland) with 306 sensors, including 204 planar gradiometers and 102 magnetometers. During data acquisition, participants were monitored via real-time audio-video feeds from inside the shielded room. Each MEG dataset was individually corrected for head motion and subjected to noise reduction using the signal space separation method with a temporal extension (Taulu et al. 2005; Taulu & Simola, 2006) .
Structural MRI processing and MEG coregistration
Prior to MEG measurement, four coils were attached to the subject's head and localized, together with the three fiducial points and scalp surface, with a 3-D digitizer (Fastrak 3SF0002; Polhemus Navigator Sciences, Colchester, VT, USA). Once the subject was positioned for MEG recording, an electric current with a unique frequency label (e.g. 322 Hz) was fed to each of the coils. This induced a measurable magnetic field and allowed each coil to be localized in reference to the sensors throughout the recording session. Because coil locations were also known in head co-ordinates, all MEG measurements could be transformed into a common co-ordinate system. With this co-ordinate system, the MEG data for each participant were coregistered with structural T1-weighted MRI data prior to source space analyses using BESA MRI, version 2.0 (BESA GmbH, Muldestausee, Germany). Structural MRI data were aligned parallel to the anterior and posterior commissures and transformed into standardized space. Following source analysis (i.e. beamforming), each subject's 4.0 × 4.0 × 4.0 mm functional images were also transformed into standardized space using the transform that was previously applied to the structural MRI volume and spatially resampled.
MEG preprocessing, time-frequency transformation and sensor-level statistics
Cardiac artefacts were removed from the data using signal-space projection, which was accounted for during source reconstruction (Uusitalo & Ilmoniemi, 1997) . The continuous magnetic time series was divided into epochs of 3700 ms duration, with the baseline being defined as −700 ms to −300 ms before initial stimulus onset. Of note, we shifted our baseline away from the period immediately preceding stimulus onset to avoid potential contamination by any anticipatory responses. Epochs containing artefacts were rejected based on a fixed threshold method, supplemented with visual inspection. An average of 104.53 (SD: 10.63) trials per participant were used for further analysis.
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Artefact-free epochs were transformed into the time-frequency domain using complex demodulation (Papp & Ktonas, 1977) and the resulting spectral power estimations per sensor were averaged over trials to generate time-frequency plots of mean spectral density. These sensor-level data were normalized by dividing the power value of each time-frequency bin by the respective bin's baseline power, which was calculated as the mean power during the −700-to −300-ms time period. The specific time-frequency windows used for imaging were determined by statistical analysis of the sensor-level spectrograms across the entire array of gradiometers. Each data point in the spectrogram was initially evaluated using a mass univariate approach based on the general linear model. To reduce the risk of false positive results at the same time as maintaining reasonable sensitivity, a two-stage procedure was followed to control for Type 1 error. In the first stage, one-sample t tests were conducted on each data point and the output spectrogram of t values was thresholded at P < 0.05 to define time-frequency bins containing potentially significant oscillatory deviations across all participants. In the second stage, time-frequency bins that survived the threshold were clustered with temporally and/or spectrally neighbouring bins that were also above the threshold (P < 0.05) and a cluster value was derived by summing all of the t values of all data points in the cluster. Non-parametric permutation testing was then used to derive a distribution of cluster values and the significance level of the observed clusters (from stage one) were tested directly using this distribution (Ernst, 2004; Maris & Oostenveld, 2007) . For each comparison, at least 10,000 permutations were computed to build a distribution of cluster values. Based on these analyses, the time-frequency windows that contained significant oscillatory events across all participants were subjected to a beamforming analysis.
MEG source imaging and statistics
Cortical networks were imaged through an extension of the linearly constrained minimum variance vector beamformer (Van Veen et al. 1997; Gross et al. 2001; Hillebrand et al. 2005) , which employs spatial filters in the time-frequency domain to calculate source power for the entire brain volume. The single images are derived from the cross spectral densities of all combinations of MEG gradiometers averaged over the time-frequency range of interest, and the solution of the forward problem for each location on a grid specified by input voxel space. Following convention, we computed noise-normalized, source power per voxel in each participant using active (i.e. task) and passive (i.e. baseline) periods of equal duration and bandwidth (Hillebrand et al. 2005) . Such images are typically referred to as pseudo-t maps, with units (pseudo-t) that reflect noise-normalized power differences (i.e. active vs. passive) per voxel. MEG pre-processing and imaging was conducted using BESA, version 6.0. Following the initial analyses, we extracted the virtual sensor (i.e. voxel time series) from the peak amplitude voxel of the grand averaged beamformer images. Briefly, we imaged the response to each stimulation per participant using a beamformer, then averaged all output pseudo-t maps across all participants. We then extracted the peak voxel time series from this image, which was located in the leg region of the contralateral SI (cSI leg ). To create the virtual sensors, we applied the sensor weighting matrix derived through the forward computation to the preprocessed signal vector, which yielded a time series for the specific co-ordinate in source space. Note that this virtual sensor extraction was performed for exch participant individually, once the co-ordinates of interest were known.
Finally, to examine any potential response latency differences between the two stimulations, we computed a time-domain average of the entire epoch for each participant using the same peak voxel time series. Because conventional peak latency metrics would be biased by the significant difference in peak amplitude between stimulations, we computed the latency at which the amplitude response exceeded the noise floor for each participant (exceedance latency), as indicated by a doubling in amplitude over at least three consecutive time points.
Functional connectivity analysis
Given the literature suggesting a substantial role for the ipsilateral SI in somatosensation (Schnitzler et al. 1995; Staines et al. 2002; Kanno et al. 2003; Hlushchuk & Hari, 2006; Klingner et al. 2011; Hsiao et al. 2013) , we extracted a second virtual sensor (iSI leg ) from the voxel symmetrical to the cSI leg sensor (across the longitudinal fissure) that was used in the time series analyses described above. The virtual sensor time series from these clusters was subjected to phase coherence analyses to examine FC between these brain regions.
To compute phase coherence, we extracted the phase-locking value (PLV) using the method described by (Lachaux et al. 1999) . The virtual sensor signals were band-pass filtered at ± 1 Hz around each target frequency, and their convolution was computed using a complex Gabor wavelet centred at the target. We extracted the phase of the convolution for each time-frequency bin (2 Hz, 25 ms) per trial, and then evaluated the phase relationship between the cSI leg and iSI leg pair of brain regions across trials to derive the PLV. For each 25 ms time bin, the resulting PLV values were then averaged across the frequency bins where significant signal amplitude changes were observed relative to the baseline (see Results) and plotted as a time series. The PLV reflects the inter-trial variability of the phase relationship between pairs of brain regions as a function of time. Values close to 1 indicate strong synchronicity (i.e. phase-locking) between the two voxel time series within the specific time-frequency bin across trials, whereas values close to 0 indicate substantial phase variation between the two signals, and thus low synchronicity (connectivity) between the two regions. To examine alterations in connectivity following the two stimulations specifically, we extracted the average and peak PLV in each participant during the two time-frequency windows identified in the sensor-level analysis (and subjected to beamforming) and performed paired-samples t tests between them.
Results
Sensor-level analysis
Analysis of the sensor-level spectrograms showed two broadband (10-75 Hz) synchronizations, each beginning shortly after the onset of a stimulation and continuing for ß100 ms after the stimulation (P < 0.001, corrected) (Fig. 1, top) . Note that these responses could also be seen in the time domain (Fig. 1, bottom) . These synchronizations were observed across a cluster of superior and medial fronto-parietal gradiometers. To examine these responses further, beamformer output images were computed for each stimulation-induced response individually using Time (ms) 400 500 600 700 Figure 1 . Group-averaged neural responses in a medial parietal sensor Data represent two different analytical methods (time-frequency, top; time-domain, bottom) conducted on the same gradiometer sensor in each participant that was near the medial parietal region (the same sensor was selected in all participants). Time (in ms) is denoted on the x-axis, with 0 and 500 ms defined as the onset of the first and second stimulations, respectively. Spectral amplitude (top) is expressed as a percentage difference from baseline, with the colour legend shown to the far right. Time-domain averaged activity (bottom) is expressed in femto-Tesla (fT). As is apparent from the spectral analyses (top), neuronal activity strongly increased across a broad frequency range (10-75 Hz) for ß100 ms in response to each stimulation (areas are outlined with dotted lines). Time periods with significant oscillatory activity (relative to baseline) were subjected to beamforming.
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the 100 ms time windows immediately following each stimulation onset (i.e. 0-100 and 500-600 ms; both 10-75 Hz), and a common baseline period of the same duration and bandwidth.
Beamformer & virtual sensor analyses
Initially, we focused on the temporal dynamics of somato-SG responses by averaging the output pseudo-t maps across all participants per stimulation. These averaged maps showed peak activity in almost identical regions of the right (contralateral) medial somatosensory cortices for each stimulation ( Fig. 2A) , with strongly diminished activity in response to the second stimulation.
To examine the dynamics, we grand averaged the beamformer images for the first and second stimulations across all participants, identified the co-ordinates of the peak voxel, and extracted a virtual sensor (voxel time series) from this voxel (Fig. 2B ) in each participant. Time-frequency and time-domain analyses were then conducted on these peak voxel time series, and the resulting summary metrics were examined statistically. Time-frequency analyses focused on the same 10-75 Hz range identified in the sensor-level analysis. Note that the temporal resolution of the time domain average time series matched that of the original recording (i.e. 1 ms). Baseline-normalized voxel time series in the spectral (top) and time (bottom) domains are shown in Fig. 2B . Two-tailed, paired-samples t tests were conducted on the peak and average spectral amplitudes of the first (0-100 ms) and second stimulations (500-600 ms). These tests indicated a significant mean decrease of 31.25% in the peak amplitude response (t 15 = 3.38; P = 0.004) and a decrease of 37.13% in the averaged response (t 15 = 3.58; P = 0.003) to the second relative to the first stimulation (Fig. 3A) . To examine potential response latency differences between the two stimulations, we conducted a two-tailed paired-samples t test on the time-domain average data for each participant using the cSI leg peak voxel time series. A significant mean decrease of 5.25 ms in the exceedance latency of the neural Figure 2. Amplitude dynamics in primary somatosensory cortices contralateral to the stimulation Mean beamformer images of 10-75 Hz activity (A) averaged across all participants for the first (0-100 ms; left image) and second (500-600 ms; right image) time windows. These images were then averaged across both stimulations (bottom) and used to identify the peak voxel. From this peak voxel, a relative amplitude time series was extracted (B), which is shown in the spectral (top) and time domain (bottom). Time (in milliseconds) is denoted on the x-axis, with 0 ms and 500 ms defined as the onset of the first and second stimulations, respectively. Shaded regions represent the time bins of interest that were subjected to the beamformer to produce the associated mean functional images (averaged across all participants; 10-75 Hz) for each stimulation response. Note that the images for the individual stimulations in (A, top) have been thresholded to allow identification of the local maxima for the first stimulation, at the same time as displaying activation for the second.
response was found for the second stimulation relative to the first (t 15 = 2.36; P = 0.032) (Fig. 3B) .
Lastly, we conducted an exploratory whole-brain statistical analysis using a mass univariate approach based on the general linear model. Briefly, we conducted a one-sample t test using the first stimulation images and thresholded the map at P < 0.001. We then created a mask that included the brain regions that were active at this threshold and conducted paired-samples t tests using the data from both stimulations on the regions within the mask. Using this method, no brain regions outside the primary somatosensory cortices showed a significantly stronger or weaker response to the second stimulation relative to the first (P < 0.001, uncorrected).
Functional connectivity analysis
The baseline-normalized spectral-amplitude time series was computed for the iSI leg peak (Fig. 4A ) and then the PLV between the cSI leg and iSI leg was estimated (collapsed across the 10-75 Hz frequency range) to create a dynamic FC time series (Fig. 4B) for each participant. There was substantial phase-locking between the cSI leg and iSI leg during the baseline period, and this phase-locking significantly decreased in response to both stimulations (paired-samples t tests; both P < 0.001) (Fig. 4B) . Interestingly, two-tailed paired-samples t tests showed that this decrease in connectivity in response to the stimulation was significantly weaker for the second relative to the first stimulation in regard to both average (0-100 ms relative to 500-600 ms; t 15 = −2.24; P = 0.041) and peak connectivity (t 15 = −2.30; P = 0.037).
Developmental trajectory
Finally, to identify the developmental trajectory of somato-SG responses, we computed a Spearman's rank-order correlation between the SG ratio (the amplitude ratio of the second to the first stimulation; our primary indicator of somato-SG capacity) in the cSI with chronological age. Interestingly, these results indicated almost no correlation (i.e. r 2 = 0.02) between these variables. In the interest of thoroughness, we also computed rank-order correlations between chronological age and the exceedance latency, baseline PLV and amplitude of the PLV responses, and none of these correlations approached significance. This probably indicates that somato-SG, like auditory SG, is fully matured by 10 years of age, and that inter-hemispheric FC between the cSI leg and iSI leg has also reached a developmental plateau by this stage.
Discussion
In the present study, we examined the neural dynamics of somato-SG activity in healthy children and adolescents using a paired-pulse tibial nerve stimulation paradigm. Unlike previous studies, we utilized a data-driven approach to map the precise spectro-temporal dynamics of neural activity and connectivity associated with somato-SG. As hypothesized, we observed a significant response to both stimulations in the contralateral medial postcentral gyrus/paracentral lobule, corresponding to the cSI leg . Specifically, there was a reduction (i.e. gating effect) in both the peak and the average amplitude across the response window of the second stimulation, and an exceedance threshold difference between the two stimulations. Furthermore, we found that stimulation reduced connectivity between homologous SI leg cortices, and that the magnitude of this decrease in connectivity was less for the second stimulation. Finally, our data suggest that somato-SG may be fully maturated by age 10 years because our data showed absolutely no evidence of a developmental effect in any SG responses, which is in agreement with our hypotheses and a subset of studies that have focused on the auditory modality during maturation (Myles-Worsley et al. 1996; Brinkman & Stauder, 2007) . Below, we discuss the implications of these findings for understanding the dynamics and developmental trajectory of somato-SG responses in healthy participants.
As a part of the somatosensory homunculus, the posterior paracentral lobule is the region that is most probably fundamental to somato-SG in the target region, and our results support this because the cSI leg exhibited the greatest differences in amplitude between stimulation conditions. As noted above, significantly decreased amplitude in response to the second stimulation in modality-specific cortical regions is supported by a large number of SG studies across multiple modalities (Hari & Forss, 1999; Edgar et al. 2005; Thoma et al. 2007; Huttunen et al. 2008; Hsiao et al. 2013; Cheng et al. 2015) . On the other hand, a difference in exceedance threshold between the two stimulations is a new finding and, to the best of our knowledge, has not been reported previously. One explanation for our exceedance threshold finding is that the first stimulation alters the local excitability of this cortical region, which enables the second stimulus to be processed more quickly or efficiently. Alternatively, this latency difference could reflect an anticipatory effect because the onset of the second stimulus was more predictable than the first, given its occurrence was always 500 ms after the first stimulus, which had a variable and long ISI. In other words, the cSI leg may simply have been more 'ready' to receive the second stimulation relative to the first. A third possible interpretation is that the oscillatory phase was more ideal for rapid stimulus processing because it was potentially more consistent from trial to trial given the disruption 500 ms earlier by the first stimulus. Further experimentation will be necessary to sufficiently resolve this dilemma.
Notably, we did not observe a significant somato-SG response in the secondary somatosensory cortices (SII), as has been reported elsewhere (Thoma et al. 2007; Huttunen et al. 2008; Cheng et al. 2015) . Although unexpected, this result is not unusual because several other studies have also failed to find effects in the SII (Torquati et al. 2003; Hsiao et al. 2013 ) and activations in this region were previously reported to be highly variable between participants (Hari & Forss, 1999) . Likewise, we did not observe significant somato-SG responses outside of the somatosensory cortices, which is in agreement with most but not all studies (Weiland et al. 2008; Hsiao et al. 2013; Yamaguchi & Knight, 1990) .
Finally, our FC results were especially interesting because, to our knowledge, no previous study had conducted this type of analysis on somato-SG data. Our data showed very strong phase coherence between the cSI leg and iSI leg regions during the baseline, and this connectivity was sharply decreased upon each stimulation. Supporting the physiological basis of this response, a significant effect of stimulation was found such that connectivity was weaker immediately after each stimulation, despite signal amplitude being stronger at the same time. Essentially, from a strictly MEG signal-processing perspective, there is a positive relationship between amplitude and phase coherence as a result of the increased signal-to-noise ratio that results from increased local oscillatory amplitude (Schoffelen & Gross, 2009; Brookes et al. 2011) and this is the opposite of what we observed (i.e. higher amplitude but weaker connectivity) which lends further credence to our results. Furthermore, the significantly reduced response amplitude to the second stimulation should have biased the phase-synchrony computation toward lower values in this time window relative to the first time window, which again is the opposite of what was actually observed. As an explanation for the decrease in PLV during both stimulations, the incoming signal probably disrupts the inter-hemispheric synchronization that appears to occur in these cortices during rest (Power et al. 2014) , although the exact mechanism of this disruption is uncertain. It is possible that the signal transmitted to the cSI leg acts to partially reset and align the phasic firing of the neural populations there, and this affects the degree of synchrony with the iSI leg . Another possibility is that the incoming signal activates additional cells in the cSI leg region, and that these new cells are less well-connected to those in the iSI leg compared to the resting population, which may lead to local amplitude increases with decreased connectivity. Alternatively, the signal transmitted to the cSI leg could drive the neural populations there to fire at a higher frequency than at rest and this would affect the degree of synchrony between the cSI leg and the iSI leg . One or more of these mechanisms may account for the sharp decreases that were observed in PLV across both stimulations, although further work is needed to decipher the possible candidate.
To close, it is important to note the limitations of the present study. As noted previously, the experimental paradigm utilized does not allow for dissociation of the neural correlates of unilateral and bilateral somatosensory stimulation. Furthermore, we only stimulated one region of the body in this study, and comparative experimental models that stimulate a number of areas (e.g. median nerve and tibial nerve) and perform similar analyses would be informative. Finally, although we found no evidence of a developmental effect on SG responses, future studies should evaluate much younger (e.g. 4-8 years old) and older participants to identify the full trajectory of SG maturation. Studies of grey matter thickness have found that the characteristic thinning associated with synaptic pruning and maturation of the cortex occurs earliest in primary sensory regions, and particularly the primary somatosensory (SI) and motor cortices (Gogtay et al. 2004; Sowell et al. 2004) . From these findings, one would speculate that somato-SG responses are probably fully matured by late childhood and/or early adolescence. However, the myelination of cortical axons in humans has been found to increase linearly well into adulthood (Giedd et al. 1999; Lenroot & Giedd, 2006) and thus further investigation into this topic is necessary. Regardless of these limitations, these findings represent an important step forward in understanding the physiological basis of how humans sense, filter and perceive tactile stimuli.
